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Abstract
We consider possible production of heavy leptons via anomalous interactions at future ep col-
liders, THERA with center of mass energy of
√
s = 1 TeV and LHeC with
√
s = 1.4 TeV. With
anomalous magnetic moment factors of κγ , κZ = 0.02, we obtain the mass limits of mL = 400 GeV
at THERA and mL = 550 GeV at LHeC for these leptons.




Many models extending the standard theory of quarks and leptons predict the existence
of new generations of fermions. Any signal for the production of such fermions will play
a milestone role in the discovery of new physics. In this paper, we analyze the possible
production and decay of new heavy leptons in lepton hadron collisions via some anomalous
interactions at CERN Large Hadron Electron Collider (LHeC) and at Desy THERA. These
high energy ep collider options are ideal places to investigate the production of new leptons
which are heavy compared to the standard ones.
In the search for extensions of the SM new heavy leptons play an important role. Many
analysis have been done for the production of these fermions at future e−e+ [1, 2, 3, 4], at
hadron [5, 6, 7, 8] and also at ep colliders [9, 10, 11, 12]. The experimental upper bounds for
the heavy lepton masses were found to be 44 GeV by OPAL [13], 46 GeV by ALEPH [14]
and 90 GeV by H1 [15] Collaborations. This means that heavy leptons could be detected at
future high energy colliders.
In this work, we present the anomalous single production of heavy leptons at future ep
colliders THERA [16] and LHeC [17]. The main parameters of these colliders are given in
Table I.
In the Standard Model, Flavor Changing Neutral Current (FCNC) processes receive con-
tributions from only higher order corrections. Here we offer the following effective Lagrangian














lZµ + h.c., (1)
where κγ and κZ are the anomalous magnetic dipole moment factors, cv and ca are the
corresponding vector and axial coupling constants, q is the momentum of the exchanged
gauge boson, θW is the Weinberg angle, e and g denote the gauge couplings relative to U(1)
and SU(2) symmetries respectively, Aµ and Zµ the fields of the photon and Z boson and Λ
is the new physics scale.
Heavy leptons decay via the neutral current processes L → γl and L → Zl due to
the anomalous couplings in Eq. (1), where l denotes one of the ordinary charged leptons.
Neglecting ordinary lepton masses the decay widths are obtained as,







Γ(L→ lZ) = ακ
2
Z
16Λ2 sin2 θW cos2 θW
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where α is the electromagnetic coupling constant. The branching ratio values would be
around 33% for each channel concerning with the leptons e, µ and τ . Branching ratios and
total decay widths of the heavy leptons depending on their masses for κγ, κZ = 0.02 and
Λ = mL are given in Table II.
Using Eq. (1), the differential cross section for the subprocess eq → Lq, mediated by γ






































































L − 2sˆ− tˆ) + clvcqv(tˆ−m2L)
) ]}
, (4)
where ΓZ and MZ are the decay width and mass of mediator Z, sˆ and tˆ are the Mandelstam
variables. The total production cross section is obtained by the integration over the parton











where xmin = m
2
L/s, tˆmin = −(sˆ −m2L) and tˆmax = 0. For the parton distribution function
fq(x,Q
2) we have used the CTEQ5 parametrization [18]. In the calculations, we have taken
anomalous magnetic moment coupling values of κγ, κZ = 0.02, Λ = mL and Q
2 = m2L.
We give the production cross sections for the signal as functions of the heavy lepton
masses, mL, in Fig. 1 for the two center of mass energies of the proposed options. Fig. 2
shows the pT distributions for background processes e
−q → e−Zq in ep collisions. These pT
distribution have peaks around 50 GeV and suppressed at higher values. Fig. 3 shows the
invariant mass distributions of Ze− system, after a cut of pe
−,j
T > 50 GeV.
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In Tables III and IV, we present the production cross sections and the number of signal
events depending on the heavy lepton masses for suitable ranges. The branching ratios
BR1, BR2 and BR3 refer to BR(L → Ze−), BR(Z → e+e−, µ+µ−) and BR(L → γe−),
respectively. Production of heavy leptons provides a clean signature with small backgrounds,
as shown in the tables. Assuming Poisson statistics, the number of signal events (S) required





where B is the number of background events. We show the heavy lepton dependent SS on
the Fig. 4. If we take at least 10 signal events and SS ≥ 3 as discovery criteria, THERA can
probe heavy lepton masses up to about 400 GeV and LHeC up to about 550 GeV with the
coupling value of κγ , κZ = 0.02 and with an integrated luminosity of 40 pb
−1 and 104 pb−1,
respectively.
We have used the high energy package CompHEP for calculations of background cross
sections reported in this study [19].
In conclusion, the present work gives an analysis of possible production of heavy leptons
via anomalous interactions in ep collisions at two future ep collider options THERA and
LHeC. It is shown that, after kinematical cuts a statistical significance of SS ≥ 3 can be
achieved. 13 signal events at
√
s = 1 TeV for 400 GeV leptons and 14 events at
√
s = 1.4
TeV for 550 GeV leptons are possible. Therefore these colliders will play an important role
in searching for new physics beyond the SM through the anomalous interactions.
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TABLE I: The main parameters of the ep colliders, Lint denotes the integrated luminosity for one
year.




THERA 0.25 1 1 40
LHeC 0.07 7 1.4 104
TABLE II: Branching ratios (%) and total decay widths of heavy lepton depending on its mass.
mL (GeV) BR(L→ γl) BR(L→ Zl) ΓTotal (GeV)
100 0.94 0.06 1.55× 10−4
200 0.49 0.52 6.02× 10−4
300 0.43 0.57 1.02× 10−3
400 0.41 0.59 1.41× 10−3
500 0.41 0.59 1.79× 10−3
TABLE III: The signal and background cross sections and SS depending on the heavy lepton masses
with
√
s = 1 TeV.
mL (GeV) σ (pb) σ × BR1 (pb) σ × BR1 × BR3 (pb) σ × BR2 (pb) σB(pb) S/
√
S +B
100 30.86 0.59 0.02 9.59 4.53 × 10−5 20
200 13.68 2.32 0.08 2.19 2.39 × 10−4 10
300 5.86 1.10 0.04 0.83 1.45 × 10−4 6



















FIG. 1: The total cross sections as function of the heavy lepton masses, for the single production
of heavy lepton with
√




















FIG. 2: pT distribution of the background at
√
















FIG. 3: The invariant mass distribution of the Ze− system for the background at
√
s =1.4 and 1
TeV.
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TABLE IV: The signal and background cross sections and SS depending on the heavy lepton masses
with
√
s = 1.4 TeV.
mL (GeV) σ (pb) σ × BR1 (pb) σ × BR1 × BR3 (pb) σ × BR2 (pb) σB(pb) S/
√
S +B
100 44.00 0.84 0.03 13.68 1.07 × 10−4 23
200 22.93 3.90 0.13 3.67 4.75 × 10−4 12
300 12.57 2.36 0.08 1.79 3.37 × 10−4 9
400 6.79 1.31 0.04 0.93 2.28 × 10−4 6













FIG. 4: The signal significances S/
√
S +B as function of heavy lepton mass at
√
s =1.4 and 1
TeV.
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